INTRODUCTION
Non-Hodgkin's lymphomas can involve the breasts, either by arising in the breasts or secondarily as a result of disseminated disease. 1 The most common types of lymphoma that involve the breasts are diffuse large B-cell lymphoma and extranodal marginal zone lymphoma.
1 T-cell lymphoma involves the breasts far less often, representing fewer than 10% of all instances.
2 Within this overall context, in recent years an association between breast implants and anaplastic large-cell lymphoma (ALCL), a subtype of T-cell lymphoma, has been observed. Since the first case of breast implant-associated ALCL described in 1997 by Keech and Creech, 3 several case reports and small case series have been reported, and the United States Food and Drug Administration recently reported 60 registered instances of breast implant-associated ALCL. 4, 5 As the number of reported cases continues to grow, the association between breast implants and ALCL has become more striking. Also, anaplastic large-cell lymphoma rarely occurs in the breast in the absence of breast implants. In aggregate, these findings suggest the possibility of an etiologic relationship between breast implant-associated ALCL and breast implants.
JOURNAL OF CLINICAL ONCOLOGY
The neoplastic nature of breast implant-associated ALCL is reflected in the morphology of the anaplastic cells, an aberrant T-cell immunophenotype, and the finding of monoclonal rearrangements of the T-cell receptor genes. Furthermore, in a few instances in which cells were cultured, clonal cytogenetic abnormalities were detected. 6 Very limited clinical follow-up is available, and therefore the natural history of this disease is unknown. Some studies, based on short-term clinical follow-up, have suggested that breast implant-associated ALCL is clinically indolent. 7, 8 Rare case reports, in contrast, have raised concerns that this lymphoma can be aggressive. 9, 10 As a result, the optimal approach for managing patients with breast implant-associated ALCL is controversial. Longer clinical follow-up of these patients might be useful to better define the natural history of breast implant-associated ALCL, and a review of management modalities applied to these patients could also help in clarifying appropriate management.
In this study, we report clinical follow-up of patients with breast implant-associated ALCL, including an update of patients whose data were published previously in the literature as well as newly identified patients who were not previously reported in the literature. These data contribute to a better understanding of the natural history of patients with breast implant-associated ALCL and may be helpful in designing the most appropriate approach for patient management.
PATIENTS AND METHODS
We performed a literature search for all reports of breast implant-associated ALCL published between 1997 and December 2012 and we evaluated these reports to determine whether the lymphomas fulfilled the diagnostic criteria for breast implant-associated ALCL.
2,11 Breast implant-associated ALCL is defined as a neoplasm of large lymphoid cells with abundant cytoplasm and pleomorphic nuclei of T-cell lineage that uniformly expresses CD30 and is negative for anaplastic lymphoma kinase (ALK) protein or translocations involving the ALK gene at chromosome 2q23. In most patients, the tumor presents as an effusion around the breast implant. The tumor is not identified grossly but neoplastic cells are detected microscopically within the effusion or lining the fibrous capsule surrounding the implant. In a minority of patients, the tumor cells form a mass that is detected by radiologic or gross pathologic examination.
12 In our study, we included patients who presented with these described features, and we excluded reports of patients with ALK-negative ALCL whose disease was confined to skin, patients with breast tumors not adjacent to the fibrous capsule around an implant, or patients who had concomitant systemic disease at time of presentation.
The corresponding authors of all published cases of patients with breast implant-associated ALCL were contacted and invited to contribute updated pathologic and clinical information as well as treatment and follow-up data. During the course of our study, we encountered in our consultation practice additional patients with breast implant-associated ALCL and these patients are also included in this study. This study was approved by the institutional review board of MD Anderson Cancer Center.
Overall survival (OS) was calculated from time of diagnosis to death from any cause or to last follow-up for living patients. Progression-free survival (PFS) was calculated from time of diagnosis to progression or death or time of last clinical follow-up if patients remained progression-free. Overall and progression-free survival curves of different groups were analyzed by using the Kaplan-Meier survival curves and differences were compared using the logrank (Mantel-Cox) test. All statistical analyses were performed using SAS 9.3 for Windows. All differences with P Յ .05 were considered to be statistically significant. Patients who died or developed tumor progression as documented in the previously published case reports were also included, even if no further follow-up was obtained for this patient subset because the clinical follow-up was definitive.
RESULTS

Clinical Findings
Since the first report in 1997 through December 2012, 50 patients with breast implant-associated ALCL were indexed in PubMed. Corresponding authors responded with additional clinical follow-up for 28 patients 2, 3, 6, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] and 16 patients reported previously [9] [10] [11] [12] [22] [23] [24] [25] [26] had a definitive end point; however, no follow-up was obtained for six reported patients. Together with the 16 new patients seen in consultation either at MD Anderson Cancer Center or diagnosed at different institutions in Australia, a total of 60 patients represent our study group and their clinicopathologic features are listed in Table 1 .
All patients were women with a median age of 52 years (range, 28 to 87 years). The right breast was affected in 37 patients, the left in 20, and both sides were affected in one patient 19 ; this data was not available for two patients. The reasons for breast implants were cosmetic in 34 patients and as part of reconstructive surgery, mostly for breast carcinoma, in 26 patients. The stage of breast carcinoma was known for 15 patients. Breast implants were filled with saline (n ϭ 28) or silicone (n ϭ 23); this information was not available for nine patients. The surface of the implants was not known for 39 patients, whereas 21 patients received textured breast implants. The time interval from implantation to diagnosis of ALCL was available for 59 patients, and it ranged from 1 to 32 years (median, 9 years; mean, 10.9 years). The most frequent clinical presentation was effusion in 42 patients and a distinct mass (usually with associated effusion around implant) in 18 patients.
The presence of axillary lymphadenopathy was specifically addressed in 29 patients and was detected in 10 patients (34%). Lymph nodes were biopsied or excised for pathologic evaluation in eight patients: four were positive for lymphoma and four were negative. In the remaining two patients, axillary lymph nodes were considered to be positive by clinical and radiologic assessment and were not sampled for pathologic evaluation. Staging data were available for 59 patients (98%): 49 patients (83%) had stage I, six (10%) had stage II, and four (7%) had stage IV disease.
Pathologic Findings
The capsule was excised in 56 patients and initially was left in place in four patients. Gross examination could not identify a mass in 42 patients, butadistinctmasswasdetectedin18patients.
2, 3, 9, 10, 12, [21] [22] [23] [24] 26 The dimensions of the masses were available for nine patients and ranged from 0.5 to 10 cm (mean, 3.2 cm; median, 2 cm). 2, 12, 21, 26 In one additional patient, the mass was noted as "large," 10 and in two more patients nodules were described. Information on size was not available in six patients.
Histologic examination revealed that the tumor was confined within the capsule in 42 patients. The ALCL cells were present as small clusters within the effusion and/or lining the fibrous capsule, but without growth as a distinct tumor mass. In 18 patients, a distinct mass of tumor cells within the thickness of the capsule or beyond the capsule was found. In these patients, there were confluent sheets or loose clusters of ALCL cells with a variable amount of necrosis or sclerosis. In both patient subsets, the lymphoma cells were large and anaplastic and included cells with horseshoe-shaped nuclei (so-called hallmark cells).
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All tumors were uniformly and strongly positive for CD30 (n ϭ 60) and had a T-cell immunophenotype (n ϭ 60). All 57 tumors tested for ALK were negative. Twenty-nine tumors were assayed for T-cell receptor ␥ chain gene rearrangements by polymerase chain reaction methods; 28 tumors (97%) were monoclonal and one (3%) was polyclonal.
Therapy and Clinical Follow-Up
A summary of the therapies employed for all 60 patients is listed in Table 2 . Fifty-six (93%) of 60 patients underwent capsulectomy. In addition, five patients also had mastectomy (one patient's was radical) Abbreviations: ALCL, anaplastic large cell lymphoma; CVAD, cyclophosphamide, vincristine, doxorubicin, dexamethasone; CHOP, cyclophosphamide, hydroxydaunorubicin, vincristine, and prednisone/prednisolone; CHOEP, CHOP and etoposide; CY, cytoxan; ICE, ifosfamide, carboplatin, etoposide; NA, not available; OS, overall survival; PFS, progression-free survival; SCT, stem-cell transplantation.
‫ء‬
Two instances of capsulectomy performed after chemotherapy failure. †Six patients with autologous SCT; four patients received SCT as salvage therapy.
‡Chemotherapy after relapse or CHOP failure.
and five patients underwent axillary lymph node dissection. Information for adjuvant therapy was available for 55 patients. Chemotherapy was administered to 39 (71%) of 55 patients and local radiation therapy was given to 31 (55%) of 56 patients. Details of the chemotherapeutic regimens and schedules were available for 32 patients and were unavailable for seven patients; the data are summarized in Table 2 . Twenty-six (47%) of 55 patients received both chemotherapy and radiation therapy and four patients received radiation therapy only (one at time of local relapse). Autologous stem-cell transplantation was performed in eight patients. Twelve patients opted out of therapy beyond implant removal and capsulectomy; they are undergoing watchful waiting. Thus, including the four patients who did receive radiation therapy only, a total of 16 patients did not receive chemotherapy. Longer or updated clinical follow-up or a definitive end point was obtained for all 60 patients and is listed in Table 3 . The follow-up period for the 60 patients in this study ranged from 0.1 to 14 years, with median and mean follow-up times of 2 and 3.1 years, respectively. The median OS for all patients is 12 years (Fig 1A) . The median OS for 18 patients with mass was also 12 years, but OS was not reached for patients without tumor mass (P ϭ .052; Fig 1C) ; however statistical significance was reached for the 3-and 5-year survival rates (P ϭ .0308). The median PFS for all patients could not be estimated because the survival curve remained above 50% ( Fig 1B) ; median PFS was 1.8 years for patients with a mass and was not reached for patients without a mass (P ϭ .005; Fig 1D) . The 3-and 5-year OS rates were 97% and 92%, respectively.
For the 42 patients with localized disease confined by the fibrous capsule, six patients (14%) experienced disease relapse; of which two patients had persistence of disease at last follow-up, one patient died of unrelated causes 7 years after relapse, and three patients achieved complete remission at last follow-up. Thus, overall, 39 (93%) of 42 patients without a mass achieved complete remission at last follow-up. In contrast, nine (50%) of 18 patients with a mass experienced disease relapse; of which three (17%) of 18 patients died, two (11%) of 18 had persistence of disease at last follow-up, and four (22%) of 18 achieved complete remission after chemotherapy. Thus, overall, 13 (72%) of 18 patients with a mass achieved complete remission at last follow-up.
For the entire patient cohort, no other significant statistical associations were detected when outcome was compared with clinical and pathologic information. There were no significant associations with patient age, side of lymphoma, reason for implants (cosmetic v reconstructive surgery), implant type (silicone v saline; textured v nontextured), time interval from implant to lymphoma, and treatment with chemotherapy. For the latter comparison, 39 (71%) of 55 patients received chemotherapy, 26 of whom also received local radiation therapy, and the remaining 16 patients (29%) did not receive chemotherapy, including 12 patients (22%) who chose watchful waiting and four (7%) who received local radiation therapy but not chemotherapy. A comparison between patients who received chemotherapy and patients who did not receive any chemotherapeutic regimen revealed no difference in OS (P ϭ .44; Fig 1E) or PFS (P ϭ .28; Fig 1F) . The median and mean follow-up of the 16 patients who did not receive chemotherapy was 1.5 and 1.9 years, respectively (range, 0.1 to 10 years). The 12 patients who opted for watchful waiting had a median follow-up period of 1 year (range, 0.1 to 10 years).
Three patient deaths in this study occurred in the subset of patients who received chemotherapy; therapy information is not available for one patient. All 16 patients who did not receive chemotherapy were alive and in complete remission at last follow-up, including one patient who initially opted for watchful waiting and subsequently developed local relapse for which she was treated with local radiation therapy. This patient achieved complete remission and was free of disease at last follow-up, 1.5 years after initial diagnosis.
DISCUSSION
Breast implant-associated ALCL is a rare type of lymphoma that was initially described in 1997. 3 The incidence of developing breast implant-associated ALCL among patients with breast implants is low and, according to a study in the Netherlands, the incidence is 1 in Not reached PFS patients with no mass Ͼ PFS patients with mass P ϭ .005 Effect of chemotherapy, patients who received chemotherapy v patients who did not receive chemotherapy OS (n ϭ 55); deaths (n ϭ 3) P ϭ .44 PFS (n ϭ 55); events (n ϭ 15) P ϭ .28 500,000 women who have received breast implants. 12 Systematic studies on the incidence of this disease in the United States are not available, and current reports may underestimate the incidence of this tumor, a trend that results in part because recommendations for pathologic examination of tissues excised during cosmetic surgery are not standardized. A survey of 413 institutions in 1999, mostly in the United States, showed that approximately 10% of institutions had policies that exempt submitting "mammary implants" for pathologic examination, and slightly over 60% of institutions had policies that recommend "mammary implants" for gross examination only. 27 We present the longest clinical follow-up for a group of patients with breast implant-associated ALCL currently available in the literature. Our data show that most patients achieve complete remission, which can be considered as a cure of disease after initial therapeutic measures. Only four patients (6.7%) in this patient cohort died; three patients whose deaths were attributable to disease and one of Still Alive (probability) Time From Diagnosis (years) Progression Free (probability)
Time From Diagnosis (years) Still Alive (probability)
Time From Diagnosis (years) unrelated causes. We also show an association between clinical presentation and subsequent disease course. In 42 patients who presented with disease confined within the fibrous capsule, 39 patients (93%) achieved complete remission, mostly with subsequent disease-free survival, and were alive at last clinical follow-up, whereas only one patient (2%) died of unrelated causes. In contrast, among 18 patients who presented with a mass, 13 patients (72%) achieved complete remission (P ϭ .18) and, although some patients had recurrent or persistent disease, only three patients (17%) died as a result of their disease.
To address the possible effect of chemotherapy, we compared OS and PFS of 39 patients who received chemotherapy versus 16 patients who did not receive chemotherapy; in this latter group there were four patients who received local radiation therapy only. Patients who received chemotherapy did not show better overall or progression-free survival when compared with patients who did not receive chemotherapy (P ϭ .44 and P ϭ .28, respectively). Clinical follow-up of patients who opted for watchful waiting after capsulectomy (n ϭ 12) or who received radiation therapy only (n ϭ 4) showed that all these patients achieved complete remission (median follow-up, 1.5 years; mean, 1.9 years; range, 0.1 to 10 years).
Based on the data we present that most patients with breast implant-associated ALCL achieve complete remission and have excellent progression-free survival, and that patients with highstage disease or relapsed disease can often be treated successfully, we suggest that a conservative approach to patient management may be best. Perhaps the approach to patients with breast implantassociated ALCL might be similar to the model used for cutaneous CD30-positive T-cell lymphoproliferative disorders, 28 and breast implant-associated ALCL could be designated as a CD30ϩ T-cell lymphoproliferative disorder associated with a breast implant. The diagnosis of ALCL could be reserved for patients with a tumor mass or advanced stage disease who are most likely to require aggressive therapy.
Despite the apparent strong association between breast implants and ALCL that typically surrounds the implants, suggesting an etiologic relationship, the cause of breast implant-associated ALCL is unknown. Breast implants have been used since the early 1960s and there are no reports of breast implant-associated ALCL between 1964 and 1991. 29 Epidemiologic studies before 1996 did not find an association between breast implants and an increased risk of breast cancer, 30 and the index case of breast implant-associated ALCL was first reported in 1997. 3 Possible explanations include a long interval between implant and ALCL genesis, an increased number of women who receive implants as they became more accepted and accessible, or a change in the type of implant.
In summary, we present an updated analysis with longer clinical follow-up of 60 patients with breast implant-associated ALCL. These data suggest that there are two patient subsets. Most patients who present with an effusion around the implant, without a tumor mass, achieve complete remission and excellent disease-free survival. A smaller subset of patients presents with a tumor mass associated with the fibrous capsule and are more likely to have clinically aggressive disease. We suggest that patients without a mass may benefit from a conservative therapeutic approach, perhaps removal of the implant with capsulectomy alone, whereas patients with a tumor mass may need removal of the implants and systemic therapy that still needs to be defined. Although our study expands the follow-up and outcomes of most patients with breast implant-associated ALCL reported in the literature, the median follow-up time of 2 years for these patients is still short and it will be valuable to follow this patient cohort for a longer period of time. 
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